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Abstract

The lnm-lcy of inelastic scattering of slectrons yich
500 to 1000 dv primsry ensrgy by vare pl’::;;rhn exemined in
sn electron spectrometer vith a resolution of ~0 Tev. At ensrgies
beyond the first ionization limit, structures locslized in ewsrgy
sre detected. The structures in argon, neon, krypton, and xenon
occur in e reglon s few eV below the I.'l', H’l N, and 0, tonizstion
sdges respactively, and probably correspond to discrete autolonizing
states of the inner electron involved. The structure in helium
has been discussed recently by Fano, and arises from interference
between a tuo-electron autolonizing stete snd s continudm, Becauss

ible. slect

ing provides s versstile wathod

’ energy losses corresponding to extreme ultraviolet trensitions are
[ essily

for the study of effects far out in the continuum,
Eoton }\

s ? A

D '

wan e

The intensity of the inelastic scattering of 500-1000 &V electrons
by rare gases has been examined in an electron spectromster with a
resolution of A20.7 eV, A highly schemstic diegram u't the apparstus
15 showm in Fig. 1. An electron gun forms an intense highly-collimated

electron besm which passes through the gas to be studied. The path

length in the gas i3 about 40 om, snd the gss pressure is in the rangs

1to 5 x 107 Torr. Those electrons scattered into s smell solid
sngle gbout the direction of the electron beam are energy snalysed
and recorded either with an X-Y recorder or point-byepoint on punched
poper tape. .

d on the 1 ton of e in the

Attention vas
continuous region of the spectrum sbove the first loaisation potentisi;
consequently no attempt was made to acourately locste and idencify

the discrate loss paske delow the first ionizetion potentisl, es
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done by Arnl and by Geiger® for all the rere gases. AulJ has also

exemined the spectrum of the rare geses sbove the first {onisstion

potential, but becsuse of s relatively high pressure in his scattering

dad

which cor

chamber, amsll posks in the were ob:

to twice the energy loss of the strong diecrete loss pesks, These

IS wultiple 1088 peaks tended to obd in the

particularly for the heavier rere gases. In the work reported-here,

use of & sufficlently lov gas pressure assu.ed that multiple loss peaks

were completely negligidle. The structure observed must be actributed

Ro single scattering events.

Tig. 2 shows the inelsstic scettering intensity obsarved in

helium with 500 eV electrons. A prominent ssymmetric peak is observed

st an energy loss of 60.0 eV, and & emall pesk at 63.5 eV, These

pesks have been previously observed in electron scattering by

5
Whiddington and CO-W!III’IL and By Silverwan and Lassettre,” but have
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only recently been observed in nl:uvlolu (v-v) nnrnlon by

¥ N1 Prars LA‘

\ll\sJI.J
J‘u
Madden and Codllnl.. The position of the first two U-V absorption
1ines and the limit of the series (Ne II, 20) ere shewn in Fig, 2.
The ssymmecric line shape has basn explained by lm’ as resulting
from an interaction between s doubly excited state (thlr) ad 8
continuum (lo ).

The inelasstic scattering found in neon is shown in Fig.

Definite structure is observed near the I.l ionization edge at 48.47 w.'

and i3 well correlated with the series of U-V sbsorption lines
converging to the l.l edge, ss observed by Madden nM-Codllnl and shown
on the figure. The line st 46,9 eV, shown dashed, i- wesk and not
part of the series.

The results for srgon are shown in Fig. 4. A prominent dip in
the scattering intensity occurs st about 26,5 eV, snd is again well
correlated with the series of U-V sbsorption lines converging to Che
Kl edge ac 29.24 ¢V,’ as observed by Madden and Codling, and shown
on the figure. In this case the U-V measurements show that the
intersction betueen the discrete state and the un:inum‘umltn ins

degrease in U-V absorption in the neighborhood of the line.

Fig. 5 shows the scsttering intensity in irypton. A peak in the
-
continuum is observed st sbout 23,7 eV and is probably due to a pre-

ionigation line in the series converging to the L
L]

fonisstion edge ot
27.51 &V, This line hey not previously been observed in either

electron

g or UsV

The results for xenon are shown in Fig. 6. Two smsll perks in

the continuum are observed st shout 21.3 and 22.7 eV and are probably
dus to preqonisstion lines in the series converging to the Ol tonie

10

sation edge at 23.40 ev. Although the peaks are smsll, they sppesr

in all runs on-Banon. The pesks sre not instrumentsl since they did
not occur in runs on other gases., These lines have not previously

been observed in either elact:

ing or UV ption

Sacause energy losses corresponding to axtreme ultn’-_\inl.!

slsctron

transitions sre sasily

ing provides a
versstile method for the study of effects far out in the continuum,

New structures in the rare gas centinus have sldeedy Been observed.

Recent imp: e in and teohnique are ex-

pected to give & d in

g the ) fon ond

shape of thess structurss.
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Figure 1 - Schemstic disgram of the axperimental apparstus.

Figure 2 - Inelestic

Figure 3 = Inelestic

ng of 500 oV el in helium,

ty was d in the f directi The two
peaks on the left are caused by excitation of the ls2p l'
and 18% 1p levels. Excicstion of doubly axcited states
1s shown in the inset, The position of the first two
ultraviclet sbhsorption Lines abserved by Madden end Codling
sre shown by verticsl lines, togsther with the series

Hwit (He II 20 ond 2p).

ing of 500 oV el in neon. Iatensity

vas in the direct!

The two peaks on
the left are u-:ud by excitation of discrete levels

below the first ionization limit. A portion of the con~
tinuum is shown on an enlarged scale. Peaks caused by
sutolonizing states sre evident, end agres vell in position
with ultraviolet sbsorption lines observed by Medden snd
Codling, which are shown by vertical lines. The seriss

1teit (he 11 202p° ’s,‘ ) 8t 48,47 7 18 siso shown,

Tigure & - Inslastic scattering of 300 &V electrons in argon. Inten-

sity ves ed in the a torf, The three

pesks on the left are caused by excitation of discrete

levels below the first lonisation limit. The prominent

in ty in the at an energy loss
of sbout 26.5 eV agrees well in position with the firsc of
& series of ultraviolet sbsorption lines observed by Madden
and Codling, which are evidenced by s 49cresge in abserp-
tion. The first twe of these lines and the esrTespending
serres lase (A T2, Je%p® ’s" ) st 9.2 o¥ sre shown by

vertical lines,

Pigure 5 - Inelastic scattering of 300 & electron in krypton.

ty weo in the ¢ directi Portions
of tha curve sre shown mgnified. The threse peake on

the left are ssused by excitation of discrets levels below
the firet ionisation limit, An incresse in intensity
observed in the continuus #% an energy 1osé of sheut

23.7 oV 1o prodably caused by the firec of s series of
sutetoniaing 11nes esaverging to the N, tealsation edge

G 11, soup® 28) or 2231 @,

Pigure 6 - Inglastic seattering of 300 &V slestrens in xemen.

¢ directien, The

ity ves red in the £
four pesks on the left are ceused by amcitation of dis-
crats lovels belew the firet ionisstion limit, There
sppesrs to be s pesk 88secisted vith the excitation of
dlscrete (autoionising) lines between the first two ionisze-
tion limite, Two definite but emell peske at ensrgy losses
of about 21.3 and 22.7 &V in the oontinuus are shewn in the
tnsat. Thess sre probably csused by the first twe of o
series of sutolonising lines cewverging to the O, tenigs-
tlon odgs (ko 11, 3639® I3) ot 23,40 .

DISCUSSION

Quastion by 8. BOROWITZ (U.l.A.) H

Is there any possibility that the structure sheerved is dus to

collective states of the ions ?

Answer by C, E, KIYATT (U.&A):

Since I have no knewledge of the properties of collective states,

if they exiot, I cammot the tion & ly. Hor

observed are in excelleat agresmes® with ultra-viclst messuremente ia Melium,

Neon and Argen which are interpreted conventinally, The str:e'uses in

xmaui..—mmmmmm

Question by H. HERING (FRANCE) :

What has beea the resecn you cheooe high energy olectrans, when

lower enezrgy onéds would have shown, in additien, metastable states ?

Aaswer by C. B, KUYATT (U.8.A,) :

Another purp of the expert is to & ine the escillator

streagth of atom e aad molecules from the i ity of inelastic electron

ing, This req
ximation to be valid, In sddition, the uee of higher ek

an slactron energy high ensugh for the Bers appre-

L e

more excitation of hates Ay in e contiouum which wore emamined ia this

experimont,
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